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Multiple layer high strength balloon foV ' iSl-iSB-A 

cone and neck segmente at nnn "ff^^ 

several very thin lay^S^gi^Le^cvifi^-^^^ °' «'Wch has 

?,^?c'5-05.?o:??s'52S""^^ cross = section 
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cylindrical neck parts at |S eSr?.hi ^ ™=« ^« ^^o 
has at least two layers oneTf Ihlh .'"scomcal sections. The balloon 
the cones. ' ^ ""^ °^ """^h shortened and terminates ne™ 

(8pp Dwg.No.3^El' '° to 

very low profile 
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"'ents at the oooo,! ! '""^ "^^"^ (N) seg- 
'o-ing the baZnTn Tli:"' ^'^^ 
thin layers (18 2022) Th« h ^ °' ^""'^^'^ 
Plurality of ayers '^P '^om a 

defines a com t ba,S T ^''^ ^^''^'^ 

potion (22M,.'cl t^^^^ t?"'^'^^' 
(22N) at the ends of thf ' f'^' '"'^ "^'^"^^ 
O'^ter layer is trimml f . ^"'^^ ^"^"SSive 

adiacent'inn^r^::^?.:: 
'^^ -n the region of h 'c 'nts Th?"' 
loon thus formed ha. T T ^ composite bal- 

region ofte cone Td!? '^''^^"-^ 
approximately uniform i wa thSh^s;,^^^^^^^ '''' " 

--?r:raZ:f^^ 

-about the :;h~^^^ 
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balloons. '"^ '° '"«'^°ds for making suci, 



^^-ong „e more Cent seT^^'r 
"on catheters is in vascl. 
peripheral and coronary a^jf ^?'°P'«'y the 
Obstructed by plague ,fnr '?' ''^ ^'^'^'^ ^^^ries 

-ch as chole'st^rTari ^fe, '^'^''^^ 
"0^ through the artery ,n ! , '° blood 
- . Procedure, a balloon dilataln ^"J"' ^"Qioplasty 
P^rcutaneously into ,he np? '"^^^ed 
. , ^"<^ «^en is advanced aSd '? ' ^^^'^-^ 
• patient's arteries unt^ tJe dil 

'^at carries the bal oon w °' "^^ "'^efer, 
Obstruction (stenosi^r^he 5' r^'' 
eter then is advanced Ltol ^""^ °' ^^th- 
Placed, is inflated u der ^:;r°"'' ^'^^ 
the artery in (he region o T '° ^"^te 

•VPically is used wif ^ f^'" 
guidewire which is used w'^"'^' ''^^^^^le 
'he stenosis. By way o, e ° r^"''^ '''''''' '° 
and guidewire system! dT^T " '"'^^ ^ "'^eter 
^.545.390 issued Z^ TtTs a " 
ence thereto being mad^ , ^ 
description of the catheter Tn^ ^ complete 
and its manner of use. Quidewire 

system 

Q-opllsi: in the'cl'f'^ 
and tortuous, and in which Jh? T'"'' 
be calcified and difficult ''f often may 

and its balloon meet . n k "^'^ "'^ catheter 

-eots. Among These arel I 

Pable Of folding down o I f 

catheter shaft so Tat lL\ 7 '"^^^ 

"theter is more eadi . • °' '^^ 

stenosis, inability to nse?thrhT'' 
catheter into the stenoS Ts . °" °' 
quent causes of an un, "'^"^ "^^ '""^e fre- 
among ,he in^p^'am chaS"'"' ^"S'^P'^^'V /Also 
dilatation catheter is , hat f r"" °' ''^ ''^"°on 
'^at is. it must be bte ^ L "'^ 
;he guidewire and t^^; g^l^ !!' ''"""^^ 
'he artery is hiohly tni «hen 
bends. An additSal iml;°"' '"^"^ ^^arp 

balloon is that it shouW h° ' '^'^^^^cteristic of the 
so that it may di a'e ^ 'rn f ' ''"^^^ ^'^^ngth 
as those that repute te stof''r « 
, order toX'o?e °no '''''''"^^^ 
kability characteristics oni« k ''^'"^ ""'^ '^ac- 
of the balloon, efforts hl^e ''""'^^ ^«9'on 
d.latation balloons haln ^" ""^^^ '° ^^^elop 
havmg very ,hin walls so that the 



balloon will fold „ „^ .., 

t'^e catheter shaft a^VaTso t^att ^^-' 
be more flexible, thus enh°,„! ""^ 'balloon will 
catheter to bend in the region ^J': ''''' °' '^^ 
^ by achieving improved tSabi 

s,gn,ficanf advances havfS ^° »^at end. 

U.S. Patent 4.490 421 dp?, k " '"'^^ »^e art 
dilatation balloons by '"^""'^^'-e o' 

leaving a high burst strenol f^°"' "^ade 
"er walls than its preSs ^s Jh?"'""""' 
•"^proved further, as desclpH , ^as 
Plication Serial No. 00, 759 n h ^'^^ ''^^«"' ^p- 
to enable the manufactu;! f; h i ^'"""'^ '987 

'-ng ,h Jer walled bS/h""'^^^ "'^""'ac- 
P^oved the catheters mose ' :? '^'^^^''^ 
^ected at the cylindrical r^^ ^^'^ ^^en di- 

The cones and neck 0 Z lT" °' ''^"oon. 
<he cylindrical midporJon are ^"^^ °' 

. cylindrical midportion Ea;h ' ' 'he 
-all thickness in a direc^n °' '"^^^^^-S 

drical midportion o^ZTJ""' """^ <=Win ' 
maximum wall thicknes! .7 . ^""^ 'baches a 
^= necks. The wall h'ckness L fn^""''"" "^^ 
-aximum value throughout hi " "^^' 

creased wall thickness of »hl 17 '^'^^ in- 

o' the cones and Z n^C j °°" ^^9'°"^ 
of the balloon to coManset ^"^^ ability 

- "^e ability of.,^e't;on^o^'T^^^^''- 
guidewire alonn sh^rr, 7 "^ck along the 

--i-ble. thTr^toreXtw^ Pa'hs. It w^u^d be 
d'latation catheter in which T a 
cone and neck persons is ' , ' "^e 
not substantia'y gZZ "^^'^^ably, 
cylindrical midpo^ion oMh''" 'J' 'n the 

'he Objects of the inl? ""'^ among 

-'oonandmethod%:;Trnuttr^^ ' 
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Single unitary ,1° 'T' '"'"^ '^om a 
'^« 'ayers being' pp^^^^^ 
thickness of a PP'°'*""afely equal to the wall 

^Vlindr- at^Jd^^rn^hX ''^^^ 
by blow molding a first balloI„ '"ade 

a thin wl;;l,';^',°^;'"^ cylindrical mold 
described in u.S PafenT An as 

00'.759. filed January r ssTt"''?" 
removed from the mold '^In J "^^n is 

'o remove the nec^s fndl " '"""^^^ ^' ends 
The trimmed balloon , hen is IT" °' ^°"«s. 
against the mold walls A c '"old 
"^en is inserted into he mnM 
^ed. expanding ol ^ "iTti' ' 

cylindrical mold and Ve^nt^^h: 



first trimmed balloon Then thA .u* ^ 

and blow molding J re' L, „?" '""'^ 
-ith the second trimmed ba con Th:"'''?'"^ 
'irst. second and third balloolTho 
from the mold, the ends oMh« h 1" '^"""'^^ 
trimmed to leave thrnl . '^""^ '""^ '"^V be 

^anoon. cr.;:rbafoo: rts— 

contact With each oth^ ' " '''''' '"""'^'^ 
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HHSCRIPTION OF THE DRAWINGS 
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whe,ei„ '° "'""Wng drawings 

S»-5E are aagrammaac itewon, „, 
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i^™^ 0_P THE PREPERPED EMBOO^ 

^•^e type lllthich T'^" ''''''''' ^'^^'^ of 
cemed Th caThe eVtO har/"* ''^ 
•eft in RG. 1) and a dL'i^ ^"^ 

An e-on^atrl^i n^^^^^^ 
vded With appropriate lur^en oT e ll'"- 
9u>dew,re lumen (not shown) thl? ^ 
'ength of the sha f ' ' ^'''^"'^s the 

sho'wn, that ext d f"m th"e T""" '""^^^ 
^f^aft to the crista. r^jTo the Thilr °' ^-^^ 
nicates with the in»«L , " ^"^ commu- 

that is moun ed to Z h ' '^^"0°" ^4 

Reference s maie to 

Patent 4 545 3M fn! .r ^'^^^'"entioned Leary 
Of cathete '^^Lea^^^^^^^^^^^^ °' '^Pe 

reference herein. By wav o f ^ '"^orporated by 
Shaft 12 may be ofLTH . "'^ ^^"^^'or 

the order of 0 SO" dlpf ' ?I ' '° "^"^ of 
in Size from atfout fs mm to 4 s 
coronary use T^e balir„ 'or 
having 'a consti ^e"^^^^^^^^^ as 
14M which expands foThJ ''^""^"oal midportion 
Of end cones Ir^T'""' a Pair 

14M and a pai o^ nlT °' ''^ '"'^^^^tion 

oneSce' S^Z^^^rr thT" ^ 
gerated for ease of i.tustra ion ^ ^rrSZn'"'' 
be made according to the n^.t^ °" ""^^ 

U.S. Patent 4.490 42, ncl n o 1"''- 
No. 001.759. filed inua y 9 fsazT.^^^^^^^^^ 
Of Which are hereby incorLratln h' , ^^'^"'^"^es 
balloon is formed in a h ^ , ^ ^^f^rence. The 
that includes blow molding ' '''""^'^^ Process . 
iflustrated in FIG 4 As S 'h . °' 
the Levy patent whth"^ '"^'^^^ ^«'ail in 

-ferenc:.rtiX2s;r;5T::r '-'"^ 

outer diameters and waT IL! '""'^ ""^ 

through the mold ,7 The^K? " "'''^""^^ 
stretched axially and is h J ""'^^ *s 
the mold 17 Ze TjL 7 '""'^^'^ ^^'^'^"V ^"'^i" 

the cylindrical midZ'n MM '''' '"'"^ 

greater degree of rTd^^^ . " '"'"^^'^^ 'o a 

portions 14N Con.! '^^^ "^ck 

will have less wan h'l;'""'- '"'^"^^^on ,4IVI 

t4N. The cones 4r ' "" "^^"^ portion 

gressive^ryfn aftleT"^^^ " 

cones chanos tT. ' ® diameter of the 

midportion ?:m'!:"?'.!V.'"".^'^^'^'^ ^'G- ^ the 
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14C will have a progressively increasing wall thick- 
ness m a direction extending from the ends of he 
midportion 14M to the necks 14N. The cones 14C 
and necks 14N thus are thicker than required The 
■ncreased thickness in the cones adversely affects 
.he ab.l,ty of the balloon to contract to a low prof 1 
The greater th.ckness of the cones and the necks 
detracts from the trackability of the catheter 

In accordance with the present invention the 
balloon .s formed from a plurality of relatively t n 

Ze^rTLT ""'^"^ -latively'thic 

layer. The configuration of a balloon made in ac- 
cordance With the invention is shown in FIG. 3 in 
highly diagrammatic enlarged and exaggerated 

6 s formed from three layers including an outer 
- lave 22 20 and an inner 

■ nr ? '2 ^^"^^ continu- 

ous intimate contact with each other and need not 

be adhesively attached. The balloon 16 is formed 
m a procedure illustrated diagrammatically in FIGS 
5A-5 The mold 17. described in further detail in 
he Levy patent, receives a tubular parison 15 of 
he polymer from which the balloon is to be 
formed. The parison is relatively thin walled The 
panson is stretched and expanded biaxially by 
combined axial stretching and blow molding as 
descnbed in the Levy patent, to form a baMoon 
having cones and neck extensions. In accordance 
with the invention, a first such balloon 18 is formed 
and IS heat set at an elevated temperature as ~ 
descnbed in said Application Serial No. 001 759 
and IS then removed from the mold. The "first 
ba«oon then is trimmed at each end between the 
ends of Its cones as suggested at 24 in FIG 5A 
thus leaving a balloon midportion 18M and a pair of 
partial cones 18C. The first balloon, thus trimmed 
hen IS replaced in the mold. A second elongate 
tubular panson 20P then is inserted into the mold 
as suggested in FIG. 5B and it is biaxially stretched 
and expanded. When the second parison 20P ex- 
pands, it contacts fully and intimately the inner 
surface of the outer layer 18 contained within the 
mold. The second balloon thus formed also is heat 
set. After the intermediate balloon 20 has been 
ormed the combined outer and intermediate bal- 
loons 18. 20 are removed from the mold. The ends 
Of the intermediate balloon layer 20 then are 
trimmed as suggested at 26 in FIG. 5C so that the 
mterrnediate cones 20C extend slightly outwardly 
of the shorter outer cones 18C. The two laver 
parfially formed balloon then may be reLer S 

pa°son Z nT I'" ^""^ ^ '^^'^^ 

RG 5D WH T'T"" ^"ggested in 

the J^^^M ? '"^^ "^"^ 22 has been formed, 
mold ThT 7 'f'"^' ^Sain removed from the 
mold. The ends of the inner layer 22 then may be 



trimmed as sugj,. ..ed at 28 in FIG. 5E to leave fha 

22C. The balloon thus formed may be attached to 
the catheter shaft 12 by adhesively bond^g the 
5 necks 22N to the catheter shaft. ^ 

It will be appreciated from the foregoing that 
the neck of the multiluminal balloon which is 
formed from an initial thin parison. although not 
expanded as much as the balloon midportion still is 
'0 substantially thinner than the corresponding ne^ in 
a balloon formed in one-piece in a single layer The 
regions of the cones similarly define a series of 
stepped thicknesses in which the thickness of the 

'5 the balloon midportion. Thus, although the cone 
segment in each of the three layers will tend to 
have .ncreased thickness in an outward direction 
the stepped down configuration of the cones con- 
sidered together, results overall in a cone thickness 

1. H H ^''^"^P'«- «-en in a thin 

wall high strength balloon made in accordance with 
the procedure described in Application Serial No. 
001.759. the wall thickness in the cone ranges from 
about 0.0003" at its Juncture with the cyl^dricS 
^5 midportion to approximately 0.001 " at its junc ure 
w.m the neck. The neck portion may be of the 
order of 0.001 ". 

By way of example, balloons made in accor- 

30 tZl '"^^""^^ be formed 

30 from a tubular panson of polyethylene terephthalate 
having an inner diameter of the order of 0 0168" 

' ''"^"^"^^^ °' o^'^e^ Of 
0^022 . The parison is biaxially stretched about 

35 di^ir T '"^ 7X inner 

. r H T. 5.5X outer diameter 

stretch. The resulting balloon will have a wit! thick- 
ness in the cylindrical midportion region of the 
order of 0.0001", a cone thickness graduaSy in! 
creases from O.OOOr to about 0.0004" where the 

'° w^.?? ' "^'^•^ P«^*o" having a 

wall thickness of the order of 0.0004" The ao 

gregate wall thickness in the cylindrical midportion 
of the multiple layers is of the order of 0 0003" 
f '^^^;\c°"^Parable to currently commercially 
45 available balloons. ^ 

From the foregoing, it will be appreciated that 
the invention provides a new construction for a 
dilatation balloon, a new method for its manufacture 
and a new resulting catheter that will display im- 
50 proved characteristics as to trackability and re- 

fhr?K " understood, however, 

that the foregoing description of the invention is 
mlended merely to be illustrative thereof and that 
other embodiments, modifications and equivalents 
55 may be apparent to those skilled in the art without 
oeparting from its spirit. 

Having thus described the invention, what I 
desire to claim and secure by Letters Patent is: 



Claims 



1. 



In a balloon for a dilatation catheter, the bal- 
oon be.ng formed from polymeric matJJa, ani 
having a cylindrical midportion. an outward y 
tapermg conical portion at each end of the 
midportion and a cvlindrirai n^^i, 
ends of tho ^f""°"cal neck portion at the 
ends of the conical portions, the improvement 

are al teasl mree layers ™ih a, feas, ' 
l»."9 drsposod be,«en ,^e Inside layer ^.1 

3. A balloon as defined in claims 1 or 2 wherein 

4. A balloon as defined In claims I or 2 „nereln 
me more rnwardly disposed layers are M 
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5. A balloon dilatation catheter comprising an 

loonTo 'TT ^^^'"9 a dilmation'ba,- 
loon mounted at the distal end. the balloon 
be.ng formed from polymeric material and a" 
-ng a cylindncal midportion. an outwardly ta- 
pering conical portion at each end of the mid 

ends of the conical portions, the balloon beino 

termini '^'^""^ °' "'''^^ ^^"^ened and 

other, the necks of the balloon being adhe 
s.vely attached to the shaft. 

Clam s wherein there are at least three layers 
tie .nside layer and the outside layer the 
tnat of the inside and outside layers. 

daimfs°" f "''"'^^ defined in 
claims 5 or 6 wherein the layers are in intimate 
adhesive-free contact with each other. 

them's;"'''? """""^ ^ *'-'^«on catheter 

indr 0'^^^;"""''= having a cy 

"ndrical m.dport.on. cones extending from me 
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Tm^ ^VTndrrr res"r r^- 

njidpcion having a predr^^d S:::' 
the layers thickness of the cones and the neck 
portions being not substantially greater thl 
the thickness of the midportion. " 

?exiblrs2ar'?"H"''''"'^^^'"9^"«'°"9a»« 
lexible shaft and a multi-layered balloon 

S. H . '^°""ted to the 

d.stal end of the shaft, the balloon having a 
cyl.ndrK:al midportion, cones extending L 
the ends of the midportion and necks extend 
''^ from the ends of the cones, the cylfnd S 
-Klportion having a predetermined th ckness 
the thickness of the cones and neck portions 

rh~;^ - - s 

10. A method for making a dilatation balloon hav- " 

rom fh' extending 
from the ends of the midportions and necks 
extending from the ends of the cones 1 

teriai and comprising: 

blow molding a first balloon in a mold- 
removing the first balloon from the mold' 
coner"-'.'' "'^ the region Of the 
placing ,he trimmed first balloon in the 
mo d and then blow molding a subsequent 
balloon into intimate contact with the next pre 
viously placed balloon segment- 

removing the assembly of balloon layers 

layer to define the neck portion of the balloon. 

defined ,n claim 10 wherein the balloons are 
stretched axially during their formatiooThere 
by the balloon layers are biaxially oriented 

A method for making a dilatation balloon as 
dehned m claims ,0 or „ further compnLo 
eat se„.ng each balloon layer after its Zll 

ZZ '^^^^^ blow 
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